Background/Aims
Introduction
Autoimmune autonomic ganglionopathy (AAG) is an acquired channelopathy that is characterized by pandysautonomia [1] , in which autoantibodies to ganglionic nicotinic acetylcholine receptors (gAChR) may play a central role [2] . We established the luciferase immunoprecipitation system (LIPS) assay as a new tool to detect anti-gAChR antibodies and demonstrated these auto-antibodies in AAG [3] . Furthermore, using this established anti-gAchR antibody assay system, we reported that a significant proportion of patients with autoimmune diseases were positive for anti-gAChR antibodies [3] . Anti-gAChR antibodies in the patient' serum recognize (alpha and beta subunits) of the ganglionic acetylcholine receptor [4] . The major histocompatibility complex (MHC) genes are the best documented genetic risk factors for the development of autoimmune diseases and could be involved in autoantibody production [5] . This is because of their expression on antigen-presenting cells, which could favor presentation of autoantigen epitopes to T cells, leading to specific help in autoantibody production [6] . For example, an increased frequency of conserved HLA-DRB1 domain "shared epitopes" has been demonstrated in rheumatoid arthritis patients with anti-citrullinated peptide antibodies [7] . Similarly, a genetic predisposition to autoantibody production in autoimmune hepatitis (AIH) has been shown to be associated with HLA genes [8] . We hypothesized that antibodies against gAChR exist in a subset of AIH patients with genetic susceptibility factors, including HLA. We genotyped the HLA-A, B, DRB1, and DQB1 genes in 260 AIH patients with or without anti-gAChR antibodies and evaluated the association between HLA genotype and the production of anti-gAChR antibodies.
Materials and Methods

Study population
Consecutive type-1 AIH patients were initially enrolled in the register of the Japanese National Hospital Organization (NHO) liver-network study, contributed to medical facilities in Japan, and prospectively followed since 2009 as a multicenter cohort population [9] All patients satisfied the 1999 revised criteria of International Autoimmune Hepatitis Group (IAIHG) diagnosis of type-1 AIH [10] . Patients were excluded from the study if there was histological evidence of cholangitis or non-alcoholic steatohepatitis. In addition, patients who were positive for hepatitis B virus (HBV)-surface antigen (HBsAg) or hepatitis C virus (HCV)-RNA were excluded. Patients with other causes of liver disease, such as excess alcohol or drug use, were excluded based on reviews of their appropriate history and investigations. The control groups included in this study consisted of 73 healthy controls (HC; mean age, 38.3 ± 11.1 years old, 31 males and 42 females) and 34 subjects with other neurological diseases with any autonomic symptoms (OND; Mean age, 56.3 ± 20.4 years old, 19 males and 15 females). The control group for HLA-DRB1 genotyping consisted of 120 gender-matched Japanese healthy subjects (6 men and 114 women). The mean ±SD age was 46.0±14.3 years. All of subjects gave their written, informed consent to participate in the present study. The study was approved by the Ethics Committee of National Hospital Organization (NHO) central IRB (H26-2111007).
Variables at study entry
Demographic and other characteristics of the 230 retained patients were recorded in a database at the initial assessment. Data included sex, age at diagnosis, time of onset of symptoms or other evidence of liver disease, markers of infection with hepatitis viruses HBV and HCV, alcohol intake, coexisting autoimmune diseases, serum levels of ALT, AST, alkaline phosphatase and bilirubin, platelet count and prothrombin time. Anti-nuclear antibodies (ANA) and antismooth muscle antibodies (ASMA) were measured by indirect immunofluorescence on HEp-2 cells and cut-off titers for positivity were 1:40. Liver tissue from percutaneous biopsy performed at the referring facility was available for the majority of patients at the time of entry (223/260, 85.8%), but for only a few at the subsequent follow-up examination (8/260, 3.1%).
HLA-A, B, -DRB1 and -DQB1 genotyping DNA was extracted from the blood sample and subjected to HLA-A, B, -DRB1 and -DQB1ge-notype determination by WAKFlow HLA typing kit (Wakunaga Pharmaceutical, Osaka, Japan) based on the reverse sequence-specific oligonucleotide probes method coupled with xMAP technology designed for use with the Luminex system (Luminex Japan, Tokyo, Japan).
LIPS assay for the detection of autoantibodies to gAChR [3] Serum antibodies to gAChR were detected by the LIPS assay, as described elsewhere [3] . To generate luciferase reporters for the gAChR α3 and β4 subunits (termed gAChRα3-GL and gAChRβ4-GL, respectively) of the human gAChR, full-length human AChR α3 (P32297, Promega Corporation, Madison, WI, USA) or β4 (P30296, Promega Corporation) was fused to a Gaussia luciferase (GL) mutant (GL 8990 ). Human embryonic kidney (HEK) 293F cells (Life Technologies Corportion, Graind Island, NY, USA) were then transfected with the expression plasmid encoding either gAChRα3-GL or gAChRβ4-GL with FuGENE6 (Promega Corporation). Two days later, the transfected cells were solubilized with a Tris-based saline containing 1% Triton™ X-100. To detect α3 or β4 gAChR antibodies, 100 μL of the soluble fraction, containing gAChR α3-GL or gAChR β4-GL, was incubated with 15 μL of human serum for 1 hour at 4°C. Subsequently, the fraction was mixed with 15 μL of protein G-sepharose (GE Healthcare, Little Chalfont, Buckinghamshire, UK), 600 μL phosphate-buffered saline (PBS) with 3% bovine serum albumin and 0.05% Tween 1 20, and incubated for several hours at 4°C. Following centrifugation and two washes of PBS containing 0.05% Tween 1 20, bioluminescence activities of the luciferase reporters in protein G-sepharose were measured with a BioLux™ GL assay kit (New England Biolabs, Ipswich, MA, USA) and a Lumat LB 9507 luminometer (BERTHOLD TECHNOLOGIES GmbH & Co. KG, Bad Wildbad, Germany); luminometer output was measured in relative luminescence units (RLU). In order to confirm the accuracy of the LIPS assay for gAChR antibodies, we used commercially available antibodies to human gAChR α3 and β4 (H-100 and S-15; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) as positive controls. Based on anti-gAChRα3 and β4 antibody data from the 73 HCs, cut-off values were calculated as the mean plus 3 standard deviations (SD) from the mean. In this study, antibody levels were expressed as an antibody index (A.I.) that was calculated as follows:
A:I ¼ ½measurement value of the samples erum ðRLUÞ=½the cut À off value ðRLUÞ
The normal value that was established in this study from healthy individuals was <1.0 A.I. To evaluate the diagnostic accuracy of this assay, we verified the cut-off points for all data collected in the previous study. Cut-off points calculated sensitivity and specificity, and ROC curves were obtained. According to the ROC curves, we confirmed the most discriminative cut-off points. At these points, the sensitivity, specificity, and positive and negative predictive values (PPV and NPV) were calculated. The AUC was 0.849 (95% confidence interval [CI]: 0.786-0.911) for the LIPS assay of the anti-gAChRα3 antibody. With the anti-gAChRα3 antibody cut-off point of 1.0, the sensitivity and specificity were 46.9% (95% CI: 33.7-60.6%) and 99.2% (95% CI: 94.8-100.0%), respectively, and the PPV and NPV were 95.8% and 81.8%, respectively. The AUC was 0.720 (95% CI: 0.632-0.807) for the LIPS assay of the antigAChRβ4 antibody. With the anti-gAChRβ4 antibody cut-off point of 1.0, the sensitivity and specificity were 14.3% (95% CI: 6.9-27.1%) and 100.0% (95% CI: 96.2-100.0%), respectively. The PPV and NPV were 100.0% and 74.4%, respectively. This sensitivity and specificity antigAChRα3 antibody in our assay system is similar to the previous reports [11] .
Statistics
The distribution of HLA types was compared between patients with or without anti-gAChR antibodies. The risk/protective effects of carrier status of HLA alleles were evaluated by odds ratio (OR) obtained by the comparison of frequencies between patients with or without antigAChR antibodies. Comparisons between the 2 groups for phenotype frequencies of each HLA allele were made, and each p value was corrected (Pc), multiplying by the number of tested alleles at each considered locus. p values were regarded as significant when they were less than 0.05. Continuous variables were compared using Mann-Whitney tests. All the statistical analyses were performed using the Statistical Analysis System (SAS) and SPSS version 18 software (SPSS, Chicago, IL, USA). Table 1 shows the demographic data for the enrolled type-1 AIH patients. The age at diagnosis ranged from 15 to 88 years (mean, 60.2 ± 12.7 years), which is greater than that in earlier studies on Caucasian patients, and females predominated. In 45 (17.3%) patients, there was concurrent symptomatic autoimmune disease, notably, Hashimoto's disease 18; Sjögren's syndrome 13; Rheumatoid arthritis 13; Basedow disease 2; Primary biliary cirrhosis 1; Systemic lupus erythematosus 1; Multiple sclerosis 1; CREST syndrome 1; Polymyalgia rheumatica 1; Scleroderma 1; Mixed Connective Tissue Disease 1; Idiopathic Thrombocytopenic Purpura 1. Regarding tests for autoantibodies, data for SMA were lacking in 2 and for ANA in 1. Of those tested, 232 (89.6%) gave positive tests (titer > 1:40) for ANA and 36 (40.9%) for SMA. Ninety-eight patients (37.7%) had been treated with prednisolone and 51 (9.6%) with ursodeoxycholic acid alone.
Results
Demographic data
Clinical characteristics of AIH patients with gAChR antibodies
Of the 260 patients with AIH screened, anti-gAChR α3 antibodies were detected in 28 (10.8%) patients and anti-gAChR β4 antibodies were detected in 18 (6.9%) patients. Mean antigAChRα3 antibodies in HCs and ONDs were 0.305 A.I. and 0.336 A.I., respectively. These levels were significantly lower than anti-gAChRα3 antibodies in AIH samples, with a mean level of 0.609 A.I. (p < 0.001, Fig 1A) . Mean anti-gAChRβ4 levels in HCs were 0.367 A.I. and in ONDs was 0.302 A.I., which were significantly lower than that in AIH samples (0.506 A.I., p = 0.001, Fig 1B) . We investigated the correlation between gAChR α3 and β4 antibodies levels in patients with both antibodies (n = 17). As shown in Fig 2, there was no significant correlation between gAChR α3 and β4 antibodies levels. Also antibodies against particular gAChR single submit have been demonstrated [12] . Therefore, the cross-reactivity of gAChR antibodies against α3 and β4 subunits seems to be unlikely. Table 2 shows the clinical characteristics of Fig 1. A) LIPS for gAChR in the sera from patients with autoimmune hepatitis (AIH) and controls. We tested the sera from patients with AIH, disease controls (ODC), and healthy controls (HC). a) Anti-gAChRα3 antibodies were detected in 28 samples. The mean anti-gAChRα3 antibody level in the HC was 0.305 antibody index (A.I.), which was significantly lower than in the AIH samples with a mean level of 0.609 A.I. (p < 0.001). B) Anti-gAChRβ4 antibodies were also detected in patient with AIH. The mean antigAChRβ4 antibody levels in the HC was 0.367 A.I., which was significantly lower than the mean levels of 0.506 A.I. in the AIH samples (p < 0.001).
doi:10.1371/journal.pone.0146048.g001 Relationship between anti-gAChR α3 and anti-gAChR β4 antibody levels. Calculation of the correlation between anti-gAChR α3 and anti-gAChR β4 antibody levels in AIH patients with both autoantibodies (n = 17). Correlation was calculated using Spearman's Rank Correlation test. There is no correlation at all (r = -0.04, p = 0.58).
doi:10.1371/journal.pone.0146048.g002 AIH patients with or without gAChR antibodies. The gAChR antibody-positive (ab + ) patients had significantly lower serum albumin levels at the time of registering, as well as lower platelet counts compared with those of the gAChR antibody-negative (ab -) patients (Tables 2 and 3) .
HLA-A, B alleles among AIH patients with anti-gAChR ab
The results of HLA-A and -B loci typing among AIH patients with anti-gAChR antibodies are summarized in S1-S3 Tables. The frequencies of HLA-A and -B alleles were not significantly different between gAChR ab + and ab − AIH patients.
Frequencies of HLA-DRB1 and DQB1 alleles
As shown in Table 4 , gAChR α3 ab + AIH patients had a higher frequency of the DRB1 Ã 0403 allele than did gAChR α3 ab − patients. Similarly, gAChR β4 ab + AIH patients had a higher frequency of the DRB1 Ã 0403 allele compared with gAChR β4 ab − patients (Table 5 ). The frequencies of the HLA-DRB1 Ã 0403 allele were significantly increased in AIH patients with antigAChR α3 or β4 antibodies (Table 6) . We compared the antibody index (AI) of anti-gAChR antibodies between AIH patients with or without HLA-DRB1 Ã 0403 allele (Fig 3) . The levels of AI for anti-gAChR α3 in patients with Ã 0403 allele (1.06±0.74 A.I) were significantly higher compared to those without Ã 0403 allele (0.59±0.71 A.I). Similarly, the levels of AI for anti- gAChR β4 antibodies in patients with Ã 0403 allele (0.76±0.33 A.I) were significantly higher compared to those without Ã 0403 allele (0.50±0.32 A.I). Finally, the HLA-DRB1 alleles distributions in type 1 AIH were compared with gender-matched Japanese healthy subjects.
HLA-DRB1
Ã 0405 allele, not DRB1 Ã 0403, had been shown to be a genetic factor in Japanese patients with type-1 AIH [13] . In consistent with the previous report [13] , the HLA-DRB1 Ã 0405 alleles were associated with type I AIH, whereas, no significant difference in the frequency of DRB1 Ã 0403 was present between AIH patients and healthy subjects (Table 7) .
Therefore, the increased frequencies of AIH susceptible HLA-DRB1 allele may not linked to the production of anti-gAChR antibody, and a passible association between DRB1 Ã 0403 and anti-gAchR Ab was suggested. The frequency of the HLA-DQB1 allele was not significantly different between gAChR ab + and gAChR ab − AIH patients (Table 8) . 
Discussion
Although it is accepted that AAG and other autoimmune diseases can coexist because of a background of autoimmunity, few reports have examined anti-gAChR antibodies in autoimmune diseases [14] . We established the LIPS assay as a new tool to detect autoantibodies against gAChR [3] . Using this assay, we demonstrated that a significant number of AIH patients have this autoantibody. This study comprised 260 Japanese patients with AIH, who were carefully selected according to the diagnostic criteria for type 1 AIH. We performed molecular genetic analysis of HLA genes in these patients, and compared the findings against anti-gAChR antibody status. We found that anti-gAChR antibody positivity was associated with the HLA-DRB1 Ã 0403 allele. Therefore, it is possible that the HLA-DRB1 gene controls anti-gACHR antibody production and that this production is modulated by particular HLA-DRB1 alleles. Type-1 AIH is characterized by the presence of anti-smooth muscle antigen (SMA) directed against smooth muscle actin [15] . Whereas anti-gAChR antibodies specifically recognize neuronal α or β subunits of acetylcholine receptor. Therefore, the cross-reactivity of anti-gAChR antibodies against liver antigens such as smooth muscle antigen seems to be insignificant. Furthermore, the associations between anti-SMA antibodies and HLA-B8 or DR3 alleles were reported [16] . Therefore genetic predisposition of type-1 AIH specific autoantibody (anti-SMA antibody) may not affect the production of anti-gAChR antibodies. Type 2 and type 3 autoimmune hepatitis are rare disorders characterized by antibodies against liverkidney microsome 1 (LKM1) and soluble liver antigens (SLA) [17, 18] . Genetic predispositions including HLA for these autoantibodies (anti-SMA. LKM1 and SLA) were shown to be different [19] . We could not recruit these different subtypes of AIH patients in this study. We focused on the type 1 AIH rather than heterogeneous AIH subtypes with differential genetic predispositions and autoantibody profiles. HLA-DRB1 is one of the best known polymorphic loci in the human genome, with more than 1700 alleles [20] . HLA-DRB1 alleles contribute to the development of autoimmune diseases as well as the production of autoantibodies [21] . For the last two decades, scientists have been investigating the relationship between HLA-DRB1 alleles and autoantibodies [5] . An important discovery was that shared epitope-encoding DRB1 alleles have been linked to high levels of anti-citrullinated peptide (CCP) antibody in rheumatoid arthritis [22] . Shared epitope-encoding alleles such as DRB1 Ã 04:01 and Ã 04:04 that confer rheumatoid arthritis susceptibility are more common in different ethnic populations [23] . Epitope recognition via restriction by the MHC is required for effective T cell help [24] . Documented associations between anti-CCP antibodies and particular HLA class II alleles are likely to reflect presentation of selected T cell determinants. It has been proposed that several positions of the DRB1 molecule independently play a role in antigen presentation according to the nature of the antigen [25] . At present, there is no mechanistic explanation for the association of particular HLA alleles with anti-gAChR antibody responses. Although linkage disequilibrium with non-HLA alleles cannot be ruled out, it is possible that different HLA class II alleles share relevant amino acid residues in the hypervariable regions, which are considered important for antigen presentation to T cells [26] . Peptide motifs for MHC class II binding and T cell receptors for antigen recognition are presumed to be crucial for immunodominant self-peptides and activation of autoreactive T cells [27] . Recent studies of the HLA class II region suggested several candidate amino acids in the hypervariable regions of the HLA-DRB1 alleles that are predicted to map to the floor of the peptide-binding groove of class II MHC molecules [28] . They could function by presenting antigenic peptides to lymphocytes to initiate anti-gAChR autoimmune responses. We speculate that anti-gAchR antibody production requires efficient help to B cells, which could be provided by DRB1 Ã 0403-restricted T helper cells recognizing gAChR determinants.
This explanation may account for the differential DRB1 allele association with anti-gAChR antibodies, but does not give any clue as to the reason for the necessary presence of antigAChR antibodies. DRB1 Ã 0403 and Ã 0406 were positively associated with anti-gAChR antibodies, whereas DRB1 Ã 0405 was negatively associated in this study. The DRB1 Ã 0403 and DRB1 Ã 0406 alleles share a Glu amino acid at position 74 [29] , whereas the DRB1 Ã 0405 allele has Ala at this position [23] ; this might imply a role for Glu at position 74 in the development of anti-gAChR antibodies. We suggest a mechanism by which different HLA class II molecules preferentially affect gAChR-specific T helper responses, thereby controlling diversification of the autoantibody response. This hypothesis could be tested by examining the specificity and HLA restriction of anti-gAChR antibodies in patients with other autoimmune diseases. This study has limitations. Most notably, we did not examine clinical manifestations characteristic of AAG in our AIH patients. Clinical investigations are necessary to confirm the relationship between gAChR antibody positivity and autonomic symptoms. Additionally, it was difficult to perform a replication study due to the very low prevalence of type-1 autoimmune hepatitis and limited numbers of enrolled patients. In this study, we strictly enrolled type-1 AIH patients according to the international diagnostic criteria to maximize diagnostic specificity. Therefore, we could not reserve sufficient sample size, and the possibility of underpowered study cannot be denied. Additionally, it was difficult to perform a replication study due to the very low prevalence AIH.
In conclusion, we have presented evidence that an autoimmune response to gAChR is influenced by different HLA-DRB1 alleles in Japanese patients with AIH. We suggest a mechanism by which different HLA class II molecules might preferentially affect the gAChR-specific T cell response, controlling diversification of the autoantibody response. This hypothesis should be further tested by examining the HLA restriction of anti-gAChR antibodies in patients with autoimmune diseases. Proof awaits the development of an immunodominant epitope of antigAChR antibodies and antigenic motifs for MHC class II binding. 
